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hours of the day. I often see the bottom of this dish sprinkled 
with seeds, evidently ejected by the birds. At present they are 
the seeds of the Laurustinus ( Viburnum Tinus). 

Rosehill, Falmouth, November 29. Howard Fox. 


Periodic Tides. 

The letter of Mr. A. S. Thompson, in your issue of 
December 8, adds further interesting information as to 
secondary undulations, to that which I sent you in a paper 
printed in Nature of February 3 last. This paper appears to 
have escaped Mr. Thompson's attention, as in it he will find 
that this subject was investigated on the Swiss Lakes by Duillier 
in the middle of the last century, and by Vaucher in 1804. 
They found that these undulations are common to all lakes at 
intervals of about twenty minutes. More recent ly the subject 
was taken up by Mr. Napier Denison on the Great Lakes in 
Canada, where he found oscillations of three to four inches at 
intervals of from fourteen to eighteen minutes ; and by Mr. Be. 
Dawson during the tidal survey of the Gulf of St. Lawrence, 
where he found regular minor undulations occurring, in addition 
to those due to the tides. W. H. Wheeler. 

December 10. 


Cristatella Mucedo. 

As this very beautiful polyzoon is generally believed to be 
nearly, if not quite extinct in ponds in the neighbourhood of 
London, I should like to record the fact that on November 19 
last, I took a fine specimen two inches in length, which is still 
living. The colony was packed with statoblasts, most of which 
are now discharged. It was not perfect when taken, and has 
again divided since it has been in a small aquarium. 

Henry Scherren. 

9 Cavendish Road, Harringay, N., December 3. 


The Invention of the Gimbal. 

Will you or some of your readers kindly inform me, when 
and by whom the construction of the gimbal was contrived for 
the first time ? Kumagusu Minakata. 

7 Effie Road, Walbam Green, S.W. 


THE VALUE OF EXERCISE . 1 

HE value of exercise for the purpose of maintaining 
mens sana in corpore sano has been recognised 
from the remotest antiquity. Exercise, however, in its 
entirety seems to be divided into two sections which, 
though springing from the same cause, have led to dif¬ 
ferent results : professional exercise or the training and 
maintaining of a body of athletes, and what may perhaps 
best receive the name of domestic exercise. The former 
appears to be one of the many instances of what was 
originally a means of becoming an end. Professional 
athletics doubtless took their origin in the use of exercise 
as a means ; the perfect development of body and mind 
being the end. The huge muscles and small heads of 
professional athletes show' us that the original means has 
finally become the end. This result from the point of 
view of the hygienist must be regarded as grotesque, 
and to the physician the professional athlete is neither 
more nor less interesting than the macrocephalic dwarf. 
The fainting and sickness of the over- or under-trained 
schoolboy, and the insomnia of the over-crammed student 
are essentially phenomena of the same class, and due to 
the same cause—viz. pathological plethora of some 
vascular areas, and pathological anaemia of others. 

The use of exercise as a therapeutic agent, as also its 
use for the maintenance of health, falls under the second 
variety. The practice of exercises as part of one’s 
toilette is very old. Any one conversant with the “ heil- 
gymnastik” (curative exercises) of the present day, 
let them belong to the systems of Ling, Schott, or 

1 “ Respiratory Exercise in the Treatment of Disease.” By Harry 
Campbell, M.D., B.S., F.R.C.P. Pp. viii + 200. (London: Bailliere, 
Tindall, and Cox, 1898.) 

NO. 152O, VOL. 59] 


Zander, cannot fail to be impressed with their resemblance 
to the devotional exercises of the devout Mahometan. 
Although doubtless the positions assumed by the wor¬ 
shipper are symbolical of passive submission, cringing 
obeisance, or subjected defiance, the point of interest to 
the physiologist is that after the performance of these de¬ 
votions one experiences a distinct sense of fatigue. Thus 
by incorporating in his system of devotion actual mus¬ 
cular exercise the Prophet practically prescribed a system 
of “ beilgymnastik,” and forestalled the modern hygienic 
use of exercise. It would be interesting to know to what 
extent the exercise part of his devotions may be modified 
in the case of a Mohametan with morbus cordis. One fact, 
as will appear from the context, is worthy of notice. The 
devotional exercises are all performed slowly, and the 
change of posture is gradual. This is doubtless from a 
religious standpoint reverential, but from a physiological 
standpoint it prevents the occurrence of breathlessness 
or palpitation. In the one case which I had the oppor¬ 
tunity of observing (devotion at sunset), the respirations 
were accelerated by four, the pulse by sixteen per 
minute by the devotions. This was in Algeria, near 
Hammam Rhira, at an altitude of 2000 feet. This effect 
might, no doubt, partially be due to psychical influences. 

The modern therapeutic use of exercise is mainly 
directed to the attainment of two objects, local or general. 
The local use of exercises for the strengthening of certain 
groups of muscles mostly interests the surgeon or the 
neurologist. The ingenuity of Zander in inventing 
machines by which almost every group of muscles in 
the body can both be exercised, and made to do an 
exactly graduated amount of work, has done much to 
develope and systematise treatment in this branch of 
therapeutics. In the case of all muscles, including the 
heart, an optimal contraction is only obtained when the 
muscle contracts against an optimal resistance. This 
optimal resistance varies according to the condition of 
the muscle. In the case of the local use of exercise it is 
most important at the beginning of each set of exercises 
to find the optimal load. The great advantage of the 
mechanical system of resistance exercises, as compared 
with the manual method, is that once this optimal load is 
found it can be maintained constant, or as the condition 
of the muscle improves can be accurately increased. 
From this it follows that the w'ork done on each occasion 
can be measured mathematically. It is impossible to 
achieve this by hand. 

The second object aimed at by the therapeutic use of 
exercise is the one of most interest to the physician, 
viz. the production of a general systemic effect. This 
effect manifests itself chiefly upon the circulatory 
and respiratory systems. The sweating produced by 
exercise, although bringing into play the secretory 
function of the skin, and thus causing the excretion of 
certain noxious substances, as well as possibly the pro¬ 
duction and addition to the blood of an internal secretion, 
is essentially a circulatory phenomenon, and will not be 
further considered here, especially as exercise is, thera¬ 
peutically, rarely pushed to such an extent as to produce 
sweating. One of the effects of exercise upon the respir- 
atbry system is known to every one, viz. breathlessness, or 
an increase in the depth and frequency of the respiratory 
movements. This dyspncea varies according to the con¬ 
dition of the patient, and the amount or rather acuteness 
of the exercise. Physiologists are indebted to Zuntz and 
Geppert {Pjlugers Archives, xlii. p. 159) for having added 
most essentially to our knowledge of this condition. 
Before the work of these observers the dyspncea attend¬ 
ing exercise was held to be due to a diminution in the 
amount of oxygen and an increase in the amount of C 0 2 
in the blood ; was, in short, regarded as an asphyxia. 
This hypothesis was based upon the experimental results 
of Mathieu and Urbain (“ Du Gaz du Sang,” Archives de 
Phys., iv., 1871-72). Zuntz and Geppert, however, showed 
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that during and immediately after exercise the amount 
of 0 in the blood was increased, and amount of C 0 2 
diminished as compared with their amounts at rest. 
They further concluded that during muscular exercise 
the contracting muscle poured into the blood sub¬ 
stances the chemical nature of which was unknown, but 
which exerted a stimulating action on the medullary 
repiratory centre. In this phenomenon, according to 
them, neither pulmonary nor muscular centripetal nerves 
play any role. This latter dictum has been disputed by 
Filehne and Kionka (PflugePs Archives, lxii. 96, p. 201), 
who hypothecate the existence of afferent nerves in the 
lung and muscles, which are sensitive to C 0 2 production 
and are stimulated thereby. The main result of Zuntz 
and Geppert’s work was not challenged by them, and still 
stands. In a later monograph Zuntz and Geppert main¬ 
tain, and apparently correctly', their former work in its 
entirety. 

This increased respiratory activity is within certain 
limits from a therapeutic standpoint a desideratum, as 
pulmonary resistance is thereby diminished, and the 
general circulation and flow' of lymph accelerated. 

In order to produce this salutary effect the respiration 
during exercise should be easy and full, and anything 
approaching effort, with its usual concomitant, closure 
of the glottis, should be avoided. 

In this connection Dr. Campbell’s recent book is inter¬ 
esting and useful. We cannot agree with the view ex¬ 
pressed on p. hi, with regard to the causation of the 
dyspnoea attending exercise. The author at the close of 
his book gives a list of respiratory exercises calculated 
to attain certain ends. Dr. Campbell has produced an 
instructive and interesting monograph, and we shall be 
pleased to welcome his promised work on the mechanical 
treatment of heart disease. 

Concerning the effect of muscular exercise upon the 
circulatory system, we have a very abundant literature 
to review, both physiological and medical. The recent 
development which this branch of therapeutics has taken, 
as exemplified by r the thousands of visitors flocking to 
Nauheim, and the various mechanic, or manual gym¬ 
nastic institutes, and the still larger numbers treated 
at their own homes, render the subject of considerable 
interest. The effects of the contraction of a muscle 
or group of muscles upon the circulation may be 
divided into local and general. The local effects, or 
the effect of its contraction upon the circulation through 
a muscle, was first investigated by Ludwig and his 
pupils, Sczelkow, Sadler and Gaskell, Some of Sadler’s 
{Ludwig's Arbeiten , 1869, p. 77) results have a direct 
bearing upon resistance exercises as practised at the 
present day, since he studied the circulation through a 
group of muscles which were thrown into contraction, 
but were at the same time prevented from becoming 
shortened. He found that, as in the case of muscles 
contracting under ordinary circumstances, more blood 
passed through them than in the condition of rest. He 
also found that more blood passed through the contract¬ 
ing muscles when they were prevented from becoming 
shortened, than when they were allowed to do so. 

Gaskell’s ( Ludwig's Arbeiteti , 1877, p. 45) experiments 
showed that the maximum flow occurred either at the end 
of a long contraction (tetanus), or directly after the ces¬ 
sation of a contraction. In all these experiments the 
excitant w'as electric stimulation. In the case of exercise 
in the living animal the excitant is either volitional or 
reflex. The results, however, of Cheauveau and Kauf- 
mann {Archives de P/iys., 1892, p. 279), who worked on 
the masseter of the horse during mastication, and in the 
main confirmed the above results, show'ed that the 
artificial nature of the excitant in Ludwig’s experiments 
made no appreciable difference. Mosso 1 found that the 

1 “ Sulle Variazioni locali del polso nel ante-braccio del uomo.” Torino, 
1878. 
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volume of an arm as measured phlethysmographically in¬ 
creased immediately after contraction of the flexors. 
Some experiments I made conjointly with Dr. Lauder 
Brunton 1 showed that the amplitude of the pulsation of 
the arteries contained in the gastrocnemius increased 
considerably immediately after contraction of this muscle. 
The tracing showed that in addition to the arteries being 
dilated immediately after contraction they were rela¬ 
tively fuller of blood. 

These results, obtained by different methods and by 
several observers, seem clearly to indicate that one of the 
local circulatory effects of muscular exercise is a dilata¬ 
tion of the vessels of the corresponding muscular area ; 
or, in other words, a lessening of the resistance to the 
flow' of blood through the muscles. In view of the re¬ 
laxation of the antagonistic muscles which apparently 
accompanies the contraction of any group of muscles, it 
would be interesting to see what, if any, changes occur in 
the vessels of these relaxing muscles. If a dilatation 
occurs here also, as seems d priori probable, the vascular 
area affected would be considerably increased, and then 
the effect on the general circulation would be magnified. 

If we turn from the local circulatory effects of muscular 
contraction to the effects produced on the general cir¬ 
culation by the contraction of a group of muscles, we 
shall find in the first place that a determining factor of 
the greatest importance is the amount of exercise ; and 
this is best measured by the degree to v'hich the respira¬ 
tion is affected. The results of former observers, Marey 
(“ La Circulation du Sang,” 1881, 343). Oertel, 2 von Basch, 
and others, have been entirely confirmed by those of 
more recent.investigators, viz. Hallion and Comte ( C.R . 
Soc. de Biologie , x. serie, iii. 906), Bloch, Mosso (Der 
Mensch auf den Hochalpen Leipsig, 1899), Brunton 
and myself ( loc. cit.), Zuntz and Hagemann {Deutsck 
Med. Woch , 1892), Taugl and Zuntz (PjlugePs Archiv., 
lxx. 544, 1898), and Kaufmann ( Archives de Phys., 
serie 5, t. iv. p. 493). Zuntz and his collaborators are 
evidently unaware of the work of Mosso and his pupils, 
and of Brunton’s and my own paper. 

The results of Zuntz and his collaborators showed that 
in the horse a gentle walk was accompanied by a fall in 
blood pressure amounting to about one-twelfth. In the 
case of dogs, gentle exercise was accompanied by a 
slight rise in blood pressure amounting to one-twelfth or 
one-tenth, whereas violent exercise rapidly caused a 
doubling of the blood pressure in the carotid. The 
experiments made in Mosso’s laboratory on man, in¬ 
cluding those contained in Brunton’s and my own paper, 
confirm the above results obtained upon animals. How¬ 
ever gentle the exercise, an increase, sometimes very slight 
in blood pressure, occurs ; this,however, sometimes during 
exercise, invariably after it, is followed by a fall, which 
continues for some time after the exercise has ceased. 
If the exercise is violent the accompanying rise in blood 
pressure is considerable—one-sixth to one-eighth, and 
this high pressure is continued so long as the exercise 
lasts, the pressure gradually returning to its former level; 
this, in some cases, taking two hours or more. All observ¬ 
ations upon the blood pressure in man directly after 
exercise more or less severe, which have been sufficiently 
numerous, confirm these results (see “ Oertel,” loc. cit.). 
These experiments are of interest from a therapeutic 
standpoint, in that they show that it is possible to obtain 
the beneficial effects of exercise at the expense of a very 
slight extra strain upon the heart. 

A question at the present time of considerable interest 
is, how are the cardio-vascular results which follow exer¬ 
cise brought about ? Are we to assume that they are 
central, and are produced by the action of substances of 

1 “ Remarks on the effect of Resistance Exercises in Man, local and 
general.” ( British Medical Journal, October 16, 1897.) 

2 “ Handbuch der allgemeiner Therapie der Kreislaufs Storungen.” 
Leipzig, 1891. 
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unknown chemical nature, the products of muscular con¬ 
traction, acting upon the medullary centres, or that they 
are reflex? In this latter case two hypotheses maybe 
adopted—viz. that the afferent impulse is due to peri¬ 
pheral chemical, or peripheral mechanical stimulation. 
So far as I am aware no work has been done on the 
lines of Geppert and Zuntz {loc. tit.), or Filehne and 
Kionka (PflugePs Archives , Bd. Ixii, 201, 1896) with 
regard to the vascular effects of exercise. A paralysing 
action on motor nerve endings has been ascribed to the 
products of muscular activity, but to what extent the 
nerve endings in non-striped muscle are influenced by 
these products has not been shown. A further question 
of interest, which remains yet to be decided, is what are 
the vascular areas which become anaemic during exercise ? 
The nausea or vomiting, which is the frequent accom¬ 
paniment of violent exercise when one is in “bad 
condition,” seems to point to the splanchnic area as the 
one at the expense of which the muscular plethora 
occurs ; but, so far as I am aware, no phlethysmographic 
records of the abdominal organs during extensive 
muscular contraction have as yet been made. 

In considering the effect of the contraction of a 
muscle upon the circulation through it, the muscular 
substance of the heart itself naturally comes into con¬ 
sideration. The circulation through the coronary arteries 
when these vessels have not lost their normal elasticity 
from atheroma or other causes, is unquestionably in¬ 
creased by full and frequent cardiac contraction, and 
the state of nutrition of the heart thereby improved. 
Further, increased pressure in the aorta within certain 
limits is advantageous to the coronary circulation. The 
experiments which have been made recently upon the 
excised mammalian heart (Langendorf, Pfluger's 
Archives , lxx., 1898, p. 473) tend to show that the 
conditions for optimal contraction—that is, for a 
maximum output of energy at each beat—are practic¬ 
ally the same in the case of the mammalian as in 
that of the frog’s heart (Tunnicliffe, Journal of Phys., 
xx. 1, 96). Of these one of the most important is the 
choice of an optimal load, the cardiac muscle in this 
respect being similar to ordinary striped muscle. This, 
from a practical standpoint, amounts to the fact that 
although a heart can be, and of course very often is 
overloaded, or in other words is unable to meet the 
resistance -which the normal circulation offers to its 
contraction, it can also be underloaded ; that is, the cause 
of its insufficient contraction may be that not sufficient 
resistance is offered to its systole. This underloading 
of the heart may play an important role in sluggish 
circulations in women, and men living sedentary lives. 
Fairly severe but gradually commenced and gradually 
increased exercise in these individuals will often supply 
the necessary load, and bring back the cardiac action to 
the normal. It is the function of the physician to dis¬ 
criminate between the over- and under-loaded heart, and 
to treat it accordingly; exercise may find a place in 
each variety of this treatment. 

In this paper nothing has been said with regard to 
another aspect of exercise from a therapeutic standpoint. 
We have discussed the possibility of certain chemical 
substances produced during the contraction of muscle 
exerting an action on the respiratory and cardio-vascular 
centres, but we have said nothing of the possible effect 
on general metabolism of such products or others accom¬ 
panying them. That such an effect is produced is seen 
by the general nutritive results of local muscular exercise 
and of massage. Whether the physiological basis of such 
a result consists in the removal of waste products—that 
is, is essentially increased excretion—or in the production 
of substances which have an action allied to the internal 
secretion of glands, remains yet to be decided. 

F. W. Tunnicliffe. 
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THE ZOOLOGICAL EXPLORATION OF THE 
GREAT AFRICAN LAKES. 

/~\WING to the unique and extremely interesting nature 
■- of the fauna in Lake Tanganyika, the study of which 
was recently the object of an expedition supported by the 
Royal Society, and led by Mr. J. E. S. Moore, a 
Committee has been formed, consisting of Sir John Kirk, 
G.C.M.G., K.C.B., F.R.S. (late British Resident at 
Zanzibar), Dr. P. L. Sclater, F.R.S. (secretary to the 
Zoological Society), Mr. Thiselton-Dyer, C.M.G., F.R.S. 
(director of Kew Gardens), Prof. Ray Lankester, 
F.R.S. (director of the Natural History Departments of 
the British Museum), and Mr. G. A. Boulenger, F.R.S. 
(of the British Museum), for the purpose of organising 
another expedition to the same regions, to thoroughly 
survey the basin, not only of Lake Tanganyika, but also 
the unknown portions of the northern extension of the 
great series of valleys in which Tanganyika, together with 
Lakes Kivu andthe Albert Nyanza, lie; tocollectspecimens 
of the aquatic fauna and flora, and to study the geological 
history of this part of Africa. The latter object of the in¬ 
vestigation should be of especial interest, for it was shown 
by Mr. Moore that almost without exception the shells of 
the singular series of whelk-like molluscs, captured by him 
in Tanganyika, are indistinguishable from those now 
found fossilised in Europe, among the remains of old 
Jurassic seas. It would thus appear that at some remote 
period of time, the great valley of Tanganyika was in 
connection with the sea, and that the strangely isolated 
marine fauna, which still inhabits its slightly brackish 
waters, has remained there ever since. So far only the 
Medusae (jelly-fish), the Mollusca, and the Crustacea, 
belonging to this antique fauna, have been discovered in 
the lake ; but when its vast size and depth are fully 
realised, it is unquestionable that by far the larger portion 
of its fauna is as yet unknown. 

Tanganyika thus presents a unique field for scientific 
exploration at the present time, and is, indeed, one of 
the few places now left upon the earth where animals 
(like those peculiar to Australia) which have long since 
become extinct elsewhere, may still be found. 

Another notable fact ascertained during Mr. Moore’s 
last expedition, was that the marine, or Halolimnic fauna 
of Lake Tanganyika does not exist in either Nyassa or 
in Lakes Shirwa, Mwero, Bangweolo, or any of the 
remaining lakes about which anything zoological is 
known ; but it may yet be found in Lakes Kivu, the Albert 
Edward and Albert Nyanzas, which lie, as has been 
said, in an extension of the same great depression which 
contains the Dead Sea towards the north. The prob¬ 
ability of this being so, is also increased by the curious fact 
that the fauna of Tanganyika bears some resemblance to 
that of the lower portions of the Nile. 

During the present expedition it is therefore intended 
to go north from Tanganyika, which will form the zoo¬ 
logical headquarters of the expedition, through the 
unknown region which lies between Tanganyika and 
Lake Kivu, on, finally, to the Albert Edward and 
Rowenzori districts. It is intended then that the ex¬ 
pedition shall pass eastward, through the Uganda 
stations north of the Victoria Nyanza, down the Uganda 
roads and railway to the sea. Mr. Moore’s previous ex¬ 
pedition was hampered by the unexpected difficulties of 
transport and the want of a steamer properly to carry on 
dredging and sounding operations in the lake, and, in 
consequence of this, much valuable material, particularly 
large specimens of entirely new species of fish, had to be 
deliberately left behind. At the present time, however, 
the African Lakes Corporation are running the London 
Missionary Society’s old steamer once more upon the lake, 
and all these deficiencies can therefore now be overcome, 
provided the necessary funds are raised. 
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